are difficult to apply.
Khare et al. [1] presented a C 0 continuous shear deformable finite element formulation of the facet quadrilateral elements family based on a higher-order displacement model, which does not require the use of a shear correction coefficient and includes the rotational degree of freedom. The element is used for the free vibration analysis of composite and sandwich laminates. Ramtekkar et al. [2] developed a six-node, plane-stress mixed FEM by using Hamilton's energy principle for the natural vibrations of laminated composite beams. Adam [3] analyzed moderately large amplitude vibrations of a polygonally shaped composite plate with thick layers. Icardi [4] investigated the implications played by sliding imperfections on the static response, buckling and free vibration behaviour and on the frequency load temperature interaction of simply supported laminated plates in cylindrical bending. Della and Shu [5] solved analytically the free vibration of composite beams with two overlapping delaminations without resorting to numerical approximation. Kumar and Shrivastava [6] developed a finite element formulation based on HSDT and Hamilton's Muzaffer Topcu, Gökmen Atlıhan , Hasan Çallıoğlu and E. Şahin Çonkur principle to study the free vibration response of thick square composite plates having a central rectangular cutout, with and without the presence of a delamination around the cutout. Kim et al. [7] developed a dynamic analysis method to investigate and characterize the effect due to presence of discrete single and multiple embedded delaminations, the dynamic response of composite laminated plates. Kisa et al. [8] analysed the vibrational characteristics of a cracked Timoshenko beam by using the FEM and component mode synthesis. Kisa [9] investigated the effects of cracks on the dynamic characteristics of a cantilever composite beam composed of graphite fibre reinforced polyamide.
In this study, a theoretical model for natural frequency of a laminated composite beam has been developed. For the beam used, it is assumed that Bernoulli-Euler hypothesis is valid. It means that a plane section which is perpendicular to the longitudinal axis of the beam before loading remains plane and perpendicular to the axis after loading. The stiffness of a beam manufactured with composite laminates can be altered through a change in the stacking sequence. This allows the tailoring of the beam to achieve desired natural frequencies and respective mode shapes, without changing its geometry drastically or increasing its weight. Thus, the natural frequencies of composite laminated beams are calculated analytically using this approach for changing stacking sequences. Then, by means of ANSYS 7.0, the effects of stacking sequences on natural frequencies in composite laminated beams are investigated. Some experimental frequency values were carried out and the results of these experiments are compared with the results calculated both analytically and numerically.
PRODUCTION OF THE COMPOSITE MATERIAL
The composite material used in the experiments was manufactured using woven glass fibre/epoxy prepreg in Izoreel Composite Isolated Materials Company, Izmir, Turkey. The glass-fibre /epoxy prepreg was cured for 2 hours under heat (120 0 C) and pressure (50 MPa). Mechanical tests were performed to determine the engineering constants. Two strain gauges were stuck in the fibre (1) and transverse (2) directions and the modulus of the elasticity, E 1 , and Poisson's ratio, υ 12 , were determined. The test specimen was loaded by SHIMADZU Tensile Machine (Model AG 50 kNG). The modulus of elasticity in the transverse direction, E 2 , was measured using by another strain gauge stuck in the transverse directions (2). For calculation of the shear modulus, the modulus of elasticity in the off-axis, Ex, was measured using by other strain gauge stuck to specimen at 45° and then G 12 was calculated [10] .
ANALYTICAL METHOD
The normal stress in jth layer of a composite laminated beam shown in Fig. 1 can be written in the following way;
(1) According to Bernoulli-Euler hypothesis, the deformation at a certain distance from neutral plane; (2) where ρ is the curvature. The relationship between normal stress and bending moment is given by
where h is the height of the beam, b is the width of the beam, N is the number of layer and zj the distance between the outer face of jth layer and the neutral plane. The relationship between the bending moment and the curvature can be written as follows; (5) and (6) where E f is the effective elasticity modulus and Iy is the inertia moment of the beam.
Stacking Sequence Effects on Natural Frequency of Laminated Composite Beams
In the differential equation for the vibration of the beams, M represents bending moment, V represents shear force and p(x) represents load in unit length. Therefore, the relationship among them can be expressed as follows; (7) By substituting Equation (5) in Equation (7); (8) An expression for the beam exposed to static loading is obtained. Regarding dynamic loading, d'Alembert principle is used where mass and acceleration terms are added to the expression above [11] . (9) where w and p become functions of time and space. Thus, derivatives become partial derivatives where ρ m is the mass density of the beam material and A is the beam cross-sectional area.
Natural frequencies for the beam occur as functions of the material properties and the geometry. Therefore, they are not affected by the forcing functions; it means that for this study p(x,t) can be taken zero. Thus Equation (9) becomes (10) This is the homogeneous equation related to Equation (8) . A spatial component of the lateral deflection satisfies the boundary conditions, a harmonic 2 2 . . Here ω n is known as the natural circular frequency in radians per unit time for the nth vibrational mode. For each natural mode shape for n = 1, 2, 3,..., etc., there is one natural frequency.
To obtain an expression for ω n , Equation (11) is substituted into Equation (10) 
FINITE ELEMENT MODEL
Initially the beams were modelled in order to get a initial estimation of the undamped natural frequencies, ω n , and mode shape, n. The beam was constituted using 318 elements and 1073 nodes (element type Shell 99), as seen in Fig. 2 , available in the commercial package ANSYS 7.0. Shell 99 may be used for layered applications of a structural shell model. The element has six degrees of freedom at each node; translations in the nodal x, y and z directions and rotations about the nodal x, y and z axes. This element is constituted by layers that are designated by numbers (LN -Layer Number), increasing from the bottom to the top of the laminate; the last number quantifies the existent total number of layers in the laminate (NL -Total Number of Layers). Thus the model of the laminated composite beam is generated using twelve layers [12] . The laminated beam is oriented at [(0°/90°) 3 ] s as seen in Fig. 3 . The beam modelled is used to compare experimental and theoretical results. Material properties of the laminated composite beam are given in Table 1 . The vibration modes (n =1, 2, 3) in the laminated composite beams subjected to only the bending can be seen in Fig. 4 Fig. 5 shows a laminate specimen clamped at one side using a joint fixed to a metal block using screws. The other side of the specimen is free to vibrate showing behaviour of a cantilever beam. A Wilcoxon Research accelerometer, Model 786C, is magnetically mounted close to the fixed side on a metal piece glued to the laminate specimen. The weight of the accelerometer may be considered high compared to weight of the specimen. To reduce the effect of the weight on the measurements, the ac-
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celerometer is positioned near the fixed end of the beam. Data captured by the accelerometer is transferred through a power-amplifier unit to the Advantech X data acquisition card installed in a personal computer. A computer program developed specifically for these vibration experiments is used to receive vibration data from the data acquisition card, and to save it in a text file for later use.
The program takes a certain number of samples from data acquisition card and determines the time elapsed during this process. The time interval, Δt, in milliseconds where one single sample is taken is
where t is the time elapsed in milliseconds while taking samples and k is the number of samples. When the graph of the samples is drawn, the number of samples in one period can easily be obtained. Then, the time interval elapsed for one period, Δt p is calculated by (14) where k p is the number of samples in one period. The frequency in hertz is determined by The number of samples in one period is k p = 113. The time interval elapsed for one period is milliseconds.
The frequency, hertz Fast Fourier Transform of the samples is performed using MathCAD as seen in Figs. 6 and 7. Note that these 1024 samples are obtained in 210 milliseconds, the value read from the graph is multiplied by the coefficient 1024/210 to get the frequency value. 
RESULTS AND DISCUSSIONS
In this study, the natural frequencies of composite laminated beams are calculated using analytical, numerical and experimental methods. The results obtained from the three methods for the laminated beam of [(0°/90°) 3 ] s are given in Table 2 . As seen from the table, the analytical and experimental results are especially very close to each other. The minor differences among the three methods come from the assumption that FEM model has a perfectly smooth surface and owing to the shear rotational effects take into account in the interlaminar regions of the beam. It is also extremely difficult to get a perfectly smooth surface in the material used in the experiments, and the shear and rotational effects do not take into account in the interlaminar regions in the analytical study owing to Euler-Bernoulli hypothesis is valid.
The stiffness of a beam manufactured with composite laminates can be altered through a change in the stacking sequence. This allows the tailoring of the material to achieve the desired natural frequencies and respective mode shapes, without changing its geometry drastically or increasing its weight.
That's why how the stacking sequence change with natural frequencies with respect to modes 1, 2 and 3 is shown in Figs. 8, 9 and 10, respectively. In both symmetric and antisymmetric cases, frequency values have been considered and it has been concluded that there is no significant difference between these cases. Therefore, only the results of the symmetric case are given in the figures. Also, both analytical and numeric (Ansys) results are given together in the figures. However, the minor differences among the two methods come from the assumption whether 
